We present a time series of 8 -13 µm spectra and photometry for SN 2014J obtained 57, 81, 108, and 137 d after the explosion using CanariCam on the Gran Telescopio Canarias. This is the first mid-IR time series ever obtained for a Type Ia supernova. These observations can be understood within the framework of the delayed detonation model and the production of ∼0.6 M ⊙ of 56 Ni, consistent with the observed brightness, the brightness decline relation, and the γ-ray fluxes. The [Co III] line at 11.888 µm is particularly useful for evaluating the time evolution of the photosphere and measuring the amount of 56 Ni and thus the mass of the ejecta. Late-time line profiles of SN 2014J are rather symmetric and not shifted in the rest frame. We see Argon emission, which provides a unique probe of mixing in the transition layer between incomplete burning and nuclear statistical equilibrium. We may see [Fe III] and [Ni IV] emission, both of which are observed to be substantially stronger than indicated by our models. If the latter identification is correct, then we are likely observing stable Ni, which might
detection of γ-rays Churazov et al. 2014) .
In this paper, we present the time-dependent evolution of the mid-IR spectrum of SN 2014J, in fact the first ever for any SN Ia. Prior to SN 2014J, late-time mid-IR spectra had been obtained only for SN 2005df and SN 2003hv at ∼135 d and ∼375 d, respectively, using the Spitzer Space Telescope (Gerardy et al. 2007) . Given this special opportunity and the important role that SNe Ia play in our understanding of both stellar evolution and cosmology, we initiated a campaign of photometry and spectroscopy of SN 2014J in the 8 -13 µm region using CanariCam at the 10.4-m Gran Telescopio Canarias (GTC). Opening a new wavelength range presents both an opportunity and a challenge to identify features and understand their evolution. The mid-IR spectral region offers the practical advantage of being substantially less affected by interstellar extinction than the optical and near-IR, and, as we show, it offers unique access to supernova properties fundamental to understanding SN 2014J and its class (Gerardy et al. 2007 ). Li et al. (2014a,b) presented early results of this program.
OBSERVATIONS & DATA
Procedures: CanariCam is the GTC facility mid-IR, multi-mode camera developed by the University of Florida (Telesco et al. 2003 ; http://www.gtc.iac.es/instruments/canaricam/canaricam.php). It employs a 320 × 240-pixel Raytheon detector array with 0. ′′ 08 pixels, which provides a field of view of 26 ′′ × 19 ′′ with Nyquist sampling (two pixels per λ/D) of the diffraction-limited point-spread function at 8 µm. For the observations presented here, we used the standard imaging mode for photometry and the 10-µm low-spectral-resolution spectroscopy mode (LoRes-10) with a 1. ′′ 04-wide slit positioned along the N-S direction. For the imaging/photometry we used the Si2 (λ = 8.7 µm, ∆λ ≈1.1 µm), Si4 (λ = 10.3 µm, ∆λ ≈0.9 µm), and SiC (λ = 11.75 µm, ∆λ ≈2.5 µm) filters. We used standard chop-nod procedures with an 8 ′′ chop-nod throw. A log of observations is presented in Table 1. The observations were processed in iDealCam, a custom IDL package developed to reduce CanariCam data (Li et al. 2013 ). All chop frames in raw FITS files were checked by eye, and those few with apparent artifacts (high-background residuals, poor seeing, etc.) were discarded. We used a fixed aperture of 19-pixel (=1. ′′ 52) width to extract the spectra. Flux calibration and telluric correction were achieved using the spectral template of a nearby Cohen standard HD 92523 (Cohen et al. 1999) . Wavelength calibration was done using several sky lines identified in the raw images. Deliberately shifting the spectrum by as much as ±2 pixels (0.04 µm) from the best-fit solution resulted in obvious mismatches between the sky lines for the Cohen standard star and those in the raw SN 2014J frames; we therefore consider the uncertainty in wavelength calibration to be ±0.04 µm. Using the sky lines, we estimated the spectral resolution to be ∼0.16 µm, corresponding to 4800 km s −1 .
Our spectra span most of the 10 µm atmospheric window. Increasing noise at each end of the spectra results from a combination of decreasing transmission and increasing thermal emission and sky noise at the window edges. The spectral blocking filter enhances the former effect by cutting off fairly sharply below 7.8 µm and above 12.9 µm. In addition, strong atmospheric ozone absorption occurs in the range 9.3 -10.1 µm, with correspondingly higher noise there. The net result is that useful data span the approximate range 7.8 -12.9 µm, with diminished quality near the ends of this range and in the vicinity of the ozone feature.
We began our mid-IR campaign on 2014 February 10 and 20 with exploratory mid-IR imaging, which revealed the supernova to be at the nominal position (Fossey et al. 2014) and bright enough that mid-IR spectroscopy would be feasible with CanariCam. The flux ratios for the narrow-band filters also indicated that a bright line might be present in the longer-wavelength filter, which further motivated our spectroscopy. Even though M82 has a highly structured mid-IR-bright starburst spanning the central 300 pc (Telesco & Gezari 1992; Gandhi et al. 2011 ), SN 2014J is well outside of the main starburst region and, with the ∼0. ′′ 3 resolution of CanariCam at the GTC, was identified unambiguously; no other point sources were detected in the CanariCam field of view. We were able to obtain spectra on four separate occasions at intervals of roughly one month during the period 57 to 137 d after the explosion. On all but the last of those occasions we also obtained photometric images to provide a basis for extrapolating the spectra, at least coarsely, to the two dates prior to our use of the spectroscopic mode. The reduced spectra, both smoothed and unsmoothed, are shown in Figure 1 .
General Properties:
We obtained mid-IR spectra of SN 2014J at 57, 81, 108 and 137 d ( Figure  1) . We indicate the rest wavelengths of several forbidden emission lines expected to be prominent based on detailed modeling presented in §3 and on Spitzer spectroscopy of SN 2005df at 135 d by Gerardy et al. (2007) . The spectra are dominated by Co and weaker lines of Fe, Ar, and Ni primarily in the second and third ionization stages. The strongest feature by far in all of the spectra is the [Co III] line with a rest wavelength of 11.888 µm. While there is some low-level blending in the wings, the feature is relatively isolated and easily characterized, which constitutes a real benefit of this spectral region. The half-width of the line across the range of observation dates is about 6800 km s −1 , being slightly narrower (6400 km s −1 ) on day 137. On all dates, line wings extend out to ∼10,000 km s −1 . (Gerardy et al. 2007) . Considering the fortuitous coincidence of observation dates, further comparison of our spectrum of SN 2014J on day 137 with that of SN 2005df is worthwhile. In Figure 2 we show both spectra, with the peak [Co III] 11.888 µm flux density of SN 2005df scaled to that of SN 2014J. The resolutions of the two spectra are comparable: ∼0.15 and ∼0.10 µm for SN 2014J and 2005df, respectively, which are 3-5 times narrower than the FWHM of the [Co III] line. Thus, while the spectra are slightly smoothed, both have features that are well resolved and can be compared without regard to the difference in instrumental resolution. The spectra, taken at almost the same time in the evolution of the light curves, display many of the same features. Gerardy et al. (2007) attribute that feature to a non-spherically symmetric emission component. Alternatively, it could be due to self absorption in the line. We note incidentally that the [Co III]-line scaling factor of 33 (Figure 2 ) corresponds to a distance to SN2005df of 20.1 Mpc if the line luminosities are the same. This value is on the slightly high end, but nevertheless within the range, of distances derived by various other methods for the host galaxy NGC 1569 (Gerardy et al. 2007; Brown et al. 2010; Milne et al. 2010) ; this may suggest an interesting secondary use for these lines.
We are reasonably confident of the above identifications in SN 2014J. However, there are hints of other, very weak and blended lines that are marginally detected at best, being only apparent in the smoothed versions of the spectra. These include: (1) what may be the [Co II] 11.167 µm line, seen most strongly on day 81, but seeming to persist on all dates at some level; (2) the [Ni II] 12.729 µm line, which may be blended with the [Co III] 12.681 µm line and may persist on all four dates but, perhaps due to noise, does not appear entirely constant or consistent in wavelength; (3) a feature at 12.4 µm, which may emerge from the wing of the strong [Co III] line on day 137; and (4) a bump on day 137 near 9.7 µm associated with a "dip" at 9.5 µm that, we speculate, could be a P Cygni profile associated with the [Ni IV] 9.723 µm line. Of these features, the one near 11.167 µm is the most likely to be real, although we cannot be sure of the identification. The others are in noisy regions of the spectra and may not be real. We do note that Gerardy et al. (2007) On the other hand, [Co II] at 10.523 µm stayed constant between days 57 and 81 and subsequently decreased by about 50%. Likewise, a dramatic evolution was seen in the strength of the [Co III] feature at 11.888 µm, which increased in strength by about 50%, then remained roughly constant or decreased slightly. [Co III] is an excellent tracer of the amount of Co exposed above the photosphere and below the critical density for collisional de-excitation.
In Figure 3a , we plot the photometry determined directly from the images taken with the CanariCam Si2 and SiC filters. In Figure 3b , we show the evolution in the line fluxes measured from the spectra. No spectra were taken for the first two dates (days 26 and 36) in Figure 3b . However, since the SiC filter spans the entire [Co III] 11.888 µm line and a large portion of the [Co II] 10.523 µm line, we are able to extrapolate the line fluxes to those earlier dates if we make an assumption about the line ratio (we assume the [S IV] line contributed negligibly). Specifically, we assume that the [Co II]/[Co III] flux ratio was somewhere between unity and the value measured on day 57 (i.e., when the first spectrum was obtained), which gives the ranges of possible [Co II] and [Co III] fluxes for days 26 and 36 indicated by the shaded areas in Figure 3b . Taken at face value and assuming that the [Co III] line flux was proportional to the exposed Co mass, we are tempted to infer that 26% of the Co was exposed on day 26, with a nearly linear increase in exposed mass until full Co exposure around day 81. However, our models indicate that only about 3% of all Co was below the critical density on day 26, and the flux on that day consisted mainly of continuum. Thus, the forbidden line of [Co III] on day 26 was weaker by at least a factor of four than it was on day 57.
The [Co III] 11.888 µm line also exhibited changes in the profiles. It is evident in Figure 1 that the profile on day 57 was not merely a re-normalized version of that on day 137, but rather a "stubby" version with a somewhat truncated peak. In addition, compared to the profile on day 137, the centroids of the profiles on days 81 and 108 may be shifted slightly blue-ward and red-ward, respectively. These profile shifts are comparable to the uncertainty in the wavelength calibration and therefore, taken by themselves, are not significant. However, for both days the FWHM of the lines were also broader than on day 137. Thus, we may be seeing some combination of changes in both line widths and positions.
MODELS
Based on detailed, spherical models for supernovae discussed below, we analyzed SN 2014J's mid-IR spectra and their evolution. Given the initial WD model and parameterized properties for nuclear burning, the time evolution follows without additional free parameters.
Methods: For the calculations of explosions, light curves, and spectra we used our code for radiation transport (HYDRA; Höflich 1990 Höflich , 1995 Höflich , 2002 Höflich 2009 ), which solves for the hydrodynamics using the explicit Piecewise Parabolic Method (PPM; Colella & Woodward 1984) , detailed nuclear and atomic networks (Cyburt et al. 2010; Kurucz 1994; Höflich 1995; Seaton 2005) , transport for low-energy and γ-photons and positrons by variable Eddington Tensor solvers and Monte Carlo Methods (Mihalas & Mihalas 1984; Stone et al. 1992; Höflich et al. 1993; Höflich 2002; Höflich 2009; Penney & Höflich 2014) . For this study, atomic data for forbidden line transitions have been updated using De et al. (2010) , Friesen et al. (2014) , and The Atomic Line List (V2.05B18, http://www.pa.uky.edu/∼peter/newpage/) by Peter van Hoof.
General Scenarios:
The consensus is that SNe Ia result from a degenerate C/O WD undergoing a thermonuclear runaway (Hoyle & Fowler 1960) and that they originate from close binary stellar systems. Potential progenitor systems may consist of either two WDs, a so-called double degenerate system (DD), and/or a single WD and a main sequence, helium, or red giant star, a so-called single degenerate system (SD). For overviews see Branch et al. (1995) , Nomoto et al. (2003) , Wang & Han (2012) , Di Stefano et al. (2011) , and Di Stefano & Kilic (2012) .
Within this general picture, the explosion of the WD is triggered either by heat release during the dynamical merging of two WDs (Webbink 1984; Iben & Tutukov 1984; Benz et al. 1990) or by compressional heating when the WD approaches the Chandrasekhar limit (M Ch ). Theoretical work on the explosion, spectra, and light curves seem to favor M Ch explosions whether originating from SD or DD progenitors, with some contribution of dynamical mergers (Höflich & Khokhlov 1996; Saio & Nomoto 1998; Saio & Nomoto 1985; Shen et al. 2011) . For the M Ch case, the most likely scenario involves delayed-detonation models (Khokhlov 1991; Woosley & Weaver 1994; Yamaoka et al. 1992; Gamezo et al. 2004; Poludnenko et al. 2011) , i.e., so-called delayed-detonation-transition (DDT) models, which incorporate transitions from a subsonic deflagration front to a supersonic detonation front.
Selection of the Reference Model:
The sequence of optical spectra obtained by Marion et al. (2014) indicates that SN2014J had a layered structure with little or no mixing in the outer layers, consistent with delayed detonation. Burning of the WD's C/O mixture would produce regions of iron-group elements in the densest regions where there is NSE, layers of S/Si/Ar/Ca in intermediate regions of incomplete burning, then, farther out, layers of O/Mg/Ne as products of explosive carbon burning. Within seconds of the explosion, these elements would be in a freely expanding envelope, with matter density decreasing and transparency increasing with time. It is this envelope down to the photosphere that we would observe, with the homologous expansion preserving the exploding body's radial structure, which is mapped onto velocity space. With the expansion, the photosphere recedes in velocity, revealing successively deeper layers.
In the simulations we used a spherical, delayed detonation model for an M Ch -mass WD from the 5p0z22 series of Höflich et al. (2002) , which has been successful previously in reproducing the optical and IR light curves and spectra of a Branch-normal and several sub-luminous SNe Ia and the statistical properties of the SNe Ia class (Howell et al. 2001; Höflich et al. 2002; Marion et al. 2006; Quimby et al. 2007; Höflich et al. 2010; Patat et al. 2012) . The assumption of spherical geometry is equivalent to assuming that mixing during the deflagration phase is suppressed. The M Ch -mass WD originates from a progenitor with a main sequence mass of 5 M ⊙ and solar metallicity. At the time of the explosion, the central density of the WD is 2 × 10 9 g cm −3 .
Varying the amount of burning prior to the DDT produces a wide range of values for 56 Ni mass and the corresponding brightness, and it shifts the characteristic chemical pattern in velocity space (see Figure 3 in Höflich et al. 2002) . We chose the model 5p0z22.25, which produces about 0.60 M ⊙ of 56 Ni. This model provides an absolute brightness M B = -19.29 mag and brightness decline ratios ∆m 15 (B,V) =1.02 mag and 0.61 mag in B and V, which are comparable to the observed values for SN 2014J, which has -19.19 ± 0.1 mag, 1.11 ± 0.02 mag, and 0.56 mag, respectively (Marion et al. 2014 ). Our reference model explosion is marginally brighter than observed for SN 2014J, perhaps suggesting, based on the optical luminosity, that a model with slightly less 56 Ni may be preferred. However, M B is uncertain because of the large interstellar reddening. Moreover, γ-ray lines observed by INTEGRAL imply about 0.62 ± 0.13 M ⊙ of 56 Ni (Churazov et al. 2014; Isern et al. 2014 ).
INTERPRETATION
Line Identification: A comparison of the synthetic and smoothed observed spectra is shown in Figure 4 assuming a distance of 3.5 Mpc to SN 2014J. The model spectra have been convolved with the spectral response function of CanariCam. The synthetic spectra are dominated by forbidden lines in emission overlaid on free-free emission, Thomson scattering, and a quasi-continuum of allowed lines formed in the central, optically thick photosphere. Due to the evolving geometrical dilution, the Thomson scattering photosphere can be identified with layers expanding at ∼5000 km s −1 at 57 d and ∼2000 km s −1 at 137 d. The model continuum flux density near 7.8 µm declines from about 6 to 2 mJy during this period, although the observed flux density there is zero within the measurement uncertainties.
In Table 2 we give a list of forbidden lines that contribute significantly to the emissivity at any layer. The contribution of a "strong" line in a specific layer to the overall emission depends on the details of the radiative transport and ionization balance and may not be significant in the observed spectra. In the model, the spectra are dominated by [ In general terms, the spectra can be understood as follows. SNe Ia are powered by radioactive decay of 56 Ni → 56 Co → 56 Fe with half-lives of 6.1 and 77.2 days, respectively. The energy deposition that heats the gas is primarily by hard γ-rays but also, to a much lesser extent, by positrons, both of which trace the distribution of the radioactive material (Höflich et al. 1994; Penney & Höflich 2014) . By day 57 the diffusion time scale (and therefore the envelope optical depth) for low-energy photons generated in this heated gas, which scales as t −2 due to geometrical dilution (Höflich 1995) , is quite short, being only about two days. Therefore, the optical depth in the forbidden lines is small, and they trace locations determined by a combination of energy deposition and critical density. During the density evolution resulting from the expansion, which scales as t −3 , the forbidden lines become stronger, and recombination time scales increase, which leads to a shift towards higher ionization.
Evolution of the [Co III] Line at 11.888 µm:
Our model reproduces the evolution of the [Co III] line fairly well including the increase between 57 and 81 d and the slow evolution up to day 137. From 57 to 81 d, the photosphere recedes from layers expanding at ∼5900 km s −1 to layers expanding at ∼3500 km s −1 mostly due to geometrical dilution. With time, more radioactive Co gets exposed and the density drops below the critical density for collisional de-excitation. By 81 d, most of the Co is exposed in the model. Our reference model also shows a central "hole" in the 56 Ni distribution. A shift in the initial 56 Ni distribution towards the center would prolong the phase of a rising [Co III] flux, because the higher density of the 56 Ni layers would delay the drop of some 56 Ni below the critical density. For massive WDs, such a shift may be produced by strong mixing or initial masses less than ∼1.3 M ⊙ , which would avoid central electron capture. In the latter case, we would expect a narrower [Co III] line. Note that merging of very low mass WDs (∼1 M ⊙ ) would result in low density and thus a shorter phase of increasing [Co III].
One might expect that, after full exposure of the [Co III] region, the absolute line flux would decrease with time, and in fact we saw a decrease of about 14% in the line flux between day 81 and day 137. However, this is a much smaller decrease than the 65% expected from geometric dilution (which scales as t −2 ). Thus, in effect, the [Co III] line flux was relatively constant between day 81 and day 137. As noted above, most of the radioactive energy is deposited by γ-rays rather than local positrons. However, there are two competing effects. 1) In our model, the absorption probability for γ-rays decreases from 20 to 10%, which leads to a reduction of energy input of about a factor of three. 2) The critical density for collisional de-excitation is about (5 − 10) × 10 6 cm −3 (Gerardy et al. 2007) , and it depends mostly on the density ρ ∝ t −3−n , with the exponent n indicating the density gradient of the layers. In our reference model, n ≈ 1.7-2, which leads to an increase of emission in the forbidden line of about a factor of three. In fact, within our model, we expect a decreasing [Co III] flux starting at about 150 d. Note that details of the later evolution depend critically on the collisional de-excitation and the term scheme of the model atom (Gerardy et al. 2007 ).
The line widths of [Co III] were in the range 12,600 -13,600 km s −1 , consistent with our 56 Ni distribution (see Figure 3 in Höflich 2002 ). The profile was rather "stubby" at 57 d, because the extended photosphere and high density results in a lack of emission from low-velocity material. Subsequently, it develops into a more centrally peaked profile because of the excitation of central stable Co by γ-rays, which deposit energy in the central region (Höflich et al. 1994; Penney & Höflich 2014) . Note that Co/Fe profiles in the near-IR often become "stubby" or "flat topped" again after about 300 d, because positrons dominate the energy input (Höflich et al. 2004; Maeda et al. 2011; Penney & Höflich 2014) . However, up to about 150 days after the explosion, energy input by γ-rays dominates (Höflich et al. 1994; Penney & Höflich 2014) .
At late times, the observed [Co III] 11.888 µm line profile is well reproduced by a spherical model with respect to the line width and the shift of the line. We see no indication of large scale asymmetries in the chemical distribution of SN 2014J, which is consistent with the lack of polarization (Patat et al. 2014) . However, at early times, the model profile lacks emission in the red wing and, consequently, the line profile is too narrow. This discrepancy may imply that the model photosphere recedes too slowly, i.e., that it has not receded quickly enough into the inner, lower-velocity regions of the outflow. We also point out that the model [Co II] feature at 10.5 µm extends too far to the blue, whereas the model [Co III] 11.888 µm profile does not.
Comments on Other Lines:
In our models, the feature at ∼10.5 µm is dominated by [Co II], with at most a 10-15% contribution from [S IV]. (In fact, the S does not show up in our models, but we mention it because even modest mixing can expose it.) The [Co II] feature becomes weaker with time as the ionization balance shifts towards [Co III] in the relevant region, because the recombination scales as ρ 2 while the energy generation and ionization scale as ρ (i.e., with the radioactive decay). The same effect can be seen in the broad feature between 8.2 -9.4 µm. The red part is dominated by [Ar III]. The blue part of the broad feature, which is relatively weak in the model, may be produced by [Fe III] near 8.211 and 8.611 µm at day 57 (with those two features blended or merged together) and [Ni IV] at 8.405 µm from stable Ni starting on day 81 as the photosphere starts to penetrate that region. Note, however, that this line, if indeed it is from stable Ni, is observed to be much stronger than implied by our model. (1) the Fe traces the radioactive Ni and Co and is therefore expected to share its broad-lined velocity structure, and (2) the stable Ni to which we refer is produced in the center by electron capture and is distinct from the radioactive Ni. Note also that even a small amount of mixing of, for example, stable Ni at the Si/S interface, which is not included in the models, would boost the model line fluxes in this spectral region (see Höflich 2002) . 3D deflagration models predict strong mixing by plumes due to Rayleigh-Taylor instabilities during the deflagration phase. Although inconsistent with the layered structure, we may nevertheless be seeing some modest mixing by plumes. The appearance of significant stable Ni would imply that a high-density WD close to M Ch is the likely source of SN 2014J.
Keep in mind that
Finally we point out that, within the M Ch -mass scenarios, SN 2014J might originate from a WD with a larger central density ∼(5 − 7) × 10 9 g cm −3 , which enhances electron capture and shifts the nuclear equilibrium from 54 Fe, 57 Co, and 58 Ni in our model to 50 Ti and 54 Cr (Brachwitz et al. 2000; Höflich 2006 ). Both Cr II and Ti II have many transitions from lower excitation levels, e.g., [Ti II] (a2G -b4P) with E l = 8997 cm −1 , but atomic data are lacking for these (e.g., http://www.pa.uky.edu/∼peter/newpage/).
SUMMARY COMMENTS
We present the first-ever time series of mid-IR spectra of a SN Ia. These 8 -13 µm spectra of SN 2014J, observed at the GTC between 2 and 4 months after the explosion, demonstrate that the mid-IR can help address many of the open questions about SNe Ia.
1. The spectra are dominated by forbidden lines of iron group elements and Argon. The strongest of these is the [Co III] line at 11.888 µm, which provides a valuable tool to monitor the time evolution of the photosphere and measure the amount of 56 Ni, which drops below the critical density and, thus, probes the mass of the ejecta. SN 2014J requires a progenitor close to the M Ch mass. Late-time line profiles of SN 2014J are rather symmetric and not shifted in the rest frame, consistent with the low continuum polarization of SN 2014J (Patat et al. 2014) . Either SN 2014J has been observed along its axis of symmetry, or it has an overall spherical distribution of elements.
2. The mid-IR shows lines of Ar, which is a unique probe of mixing in the transition layer of products of incomplete burning and those resulting from NSE. In SN 2014J we do not see evidence for strong (or complete) mixing of the corresponding layers as predicted by current 3D simulations for the deflagration phase. In this regard, we also note that, as is the case for Calcium, Argon is created in layers with sufficiently high density and temperature for there to be quasi-equilibrium of the S/Si group, although it is destroyed in full NSE. The prominent Ca H + K lines and the near-IR triplet are optically thick in SNe Ia even at solar abundances (Höflich 1995) , which makes them unusable as diagnostic tools to explore these regions. Given this lack of suitable lines of noble gases at shorter wavelengths, the prominence of Ar in the mid-IR makes this spectral region uniquely useful for that task.
3. Along with [Fe III] lines, we may see evidence for [Ni IV] near 8.4 µm in an, albeit highly blended, region of the spectra. In M Ch -mass models, we see the production of electron-capture elements near the center. This [Ni IV] feature is stronger than predicted by an order of magnitude. Keeping in mind the lack of atomic data for mid-IR transitions, we speculate that we may be seeing stable Ni, with central mixing possibly boosting that line as compared to our reference model. Alternatively, the progenitor WD may have a higher central density ∼(4 − 6) × 10 9 g cm −3 , which would shift the NSE to Cr and Ti rather than the 54 Fe, 57 Co, and 58 Ni produced at ∼2 × 10 9 g cm −3 . The lack of atomic data for Cr and Ti currently hinder their use as diagnostics.
4. The spectra have been interpreted using a "classical" delayed-detonation model for a Branchnormal SNe Ia with values of parameters, including 0.60 M ⊙ of 56 Ni, that are consistent with the absolute brightness and the brightness decline relation observed for SN 2014J (Marion et al. 2014) . The inferred mass of 56 Ni is in agreement with values derived from γ-ray fluxes observed for SN2014J Churazov et al. 2014) , thus providing a consistent and completely independent check on the value of this fundamental parameter. Overall, the models reproduce the observations of SN 2014J, including their temporal evolution.
Mid-IR observations provide a new and exciting window through which we may understand SNe Ia. We are at the beginning of exploring this wavelength region, and it is providing some answers but also new questions. Our first spectra of SN 2014J were taken nearly two months after the explosion, but catching other SN Ia in the mid-IR earlier than this would be very informative. For example, we expect the 56 Ni layers to emerge near maximum light, with the Co and Ar lines starting to appear at about one month after the explosion (Höflich 1995) . Among other constraints, the onset of these and other lines would provide critical insight into mixing processes. We also note that spectra spanning more than a few months after the explosion are needed to study the central region and the transition from the Co-line-dominated to the Fe-line-dominated regimes, and we will attempt to obtain those for SN 2014J over the next year. Including our observations, SN 2014J will be one of the best observed SNe Ia from the UV, optical, near-IR and mid-IR to the radio-range. Finally, we emphasize that the diversity of SNe Ia has started to become apparent during the last few years. SNe Ia within about 10 Mpc, which are expected to appear with a frequency of about one per year (http://www.rochesterastronomy.org/sn2013/snredshift.html), are now within reach of a powerful mid-IR instrument like CanariCam that can probe that diversity.
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